INTRODUCTION
Gram-positive cocci are important causes of both community-acquired and nosocomial infections (1, 34, 59, 78) . Antimicrobial resistance is an increasing problem, especially in nosocomial isolates of group D streptococci and staphylococci. Gram-positive microorganisms become resistant to antimicrobial agents by the same mechanisms as other bacteria, either by mutation or by the acquisition of new DNA, most often by resistance plasmid (R plasmid) acquisition (8, 38) . The evolution of resistance in these organisms seems to parallel that in gram-negative rods, with strain dissemination, transposition, and plasmid exchange interacting to result in the development of resistance (57) .
Plasmid transfer between bacteria is a mechanism for the rapid and widespread dissemination of resistance. Transfer of resistance to multiple antibiotics can take place between different bacterial species and genera and was first demonstrated among gram-negative bacilli. Such transfer of conjugative resistance plasmids has contributed to outbreaks of serious infections in several hospital settings (57) . Until recently, little attention has been paid to the interspecific and intergeneric exchange of genetic information which occurs in gram-positive bacteria. This review will focus on the evolution of antimicrobial resistance in gram-positive cocci. Particular attention is given to the host range and mechanism of acquisition of extrachromosomal genes responsible for the exchange of genetic information in these pathogens.
RESISTANCE PLASMIDS AND INTERSPECIES GENE
TRANSFER IN STREPTOCOCCI Resistance plasmids in streptococci were first described in Streptococcus faecalis by Courvalin and co-workers (13) and in Streptococcus mutans by Dunny et al. (16) . Subsequently, R plasmids have been described in most species of streptococci. The genetic basis of resistance in various streptococcal species varies, and transformation, transduction, and conjugation can occur (8) . Any particular species can be manipulated by one or possibly two of these mechanisms. For instance, transformation and transduction are characteristic of group A streptococci, and conjugation is characteristic of group D streptococci. Transfer of R plasmids mediating multiple antibiotic resistance by conjugation was first shown by Jacob and Hobbs in S. faecalis JHI (33 (9) . Transfer of resistance in vitro between streptococcal species was first described from group D to group A and B streptococci (27, 29, 70 (17, 27, 53, 75, 77) .
In contrast to MLS-type resistance plasmids, which have a broad host range, narrow-host-range plasmids in streptococci are generally larger, determine multiple resistances in addition to hemolysin and bacteriocin production, and are pheromone responsive (8, 30, 31) . Tetracycline, aminoglycoside, and chloramphenicol plasmids originating in S. faecalis, S. faecium, and group B streptococci in particular have been shown to have narrow host ranges. Occasionally, one of these resistances has been transferred into one or more recipients of group A, B, C, D, and G streptococci, S. pneumoniae, or S. sanguis species. No detectable plasmid DNA could be demonstrated, however, in the new hosts (30, 31) .
Resistance transfer in the absence of plasmid DNA has been shown in S. pneumoniae, S. faecalis, and group A, B, F, and G streptococci (6, 20, 30, 31, 66) . Transfer of resistance without evidence of detectable extrachromosomal DNA raises the possibility that these resistance determinants are chromosome borne. Transfer of resistance involves cell-to-cell contact and, in some instances, gene transfer in the absence of plasmid DNA has been shown to be due to conjugative transposons (8, 20, 66) . Streptococcal resistance transposons were initially described in S. faecalis. Two of these, Tn916 and Tn917, were identified originally in the clinical isolate DS16. Tn916 confers tetracycline resistance and has been shown to insert into several sites in different conjugative hemolysin plasmids as well as on the bacterial chromosome (20) . Tn917 mediates inducible erythromycin resistance (66) . Subsequently, Tn3871 (3), which is similar to Tn9O7, and Tn918 (9), which is similar in properties to Tn916, were characterized in other enterococcal strains.
RESISTANCE MECHANISMS AND INTERSPECIES GENE EXCHANGE IN STAPHYLOCOCCI
Antimicrobial resistance in staphylococci was encountered almost as soon as antibiotics were introduced into clinical practice. Antimicrobial resistance in staphylococci can arise by chromosomally mediated mechanisms, such as methicillin resistance; by mutation, such as resistance to rifampin, streptomycin, or fusidic acid; or by the acquisition of extrachromosomal DNA (38, 54, 64 (24), pGO4 and pUW3626 of Cohen et al. (10) , and pWG613 of Townsend et al. (68) all appear to be similar to pAM899-1.
A number of transposition elements have been described in staphylococci. TnS51 and TnS54 (37, 48, 52) were the first well-characterized transposons in Staphylococcus aureus; both mediate erythromycin resistance. TnS51 is similar to many of the transposons in Escherichia coli in that it is capable of insertion into various chromosomal and plasmid sites. Shalita et al. (61) suggested the transposition of P- 1), however, provided evidence that a great deal of natural intramolecular rearrangements, particularly deletions in self-transferable gentamicin resistance plasmids in Staphylococcus epidermidis, occurs. Specific areas were frequently deleted during transduction or as a result of natural intramolecular rearrangements. They suggested that the gentamicin genes in Staphylococcus epidermidis may be part of an insertion that was at one time transposable but that a portion of the element necessary for transposition may have been lost as a result of a deletion.
INTERGENERIC GENE EXCHANGE IN
GRAM-POSITIVE COCCI The exchange of genetic information between different genera of gram-positive cocci has been demonstrated in vitro in several studies. Evidence for intergeneric transfer of resistance has been found primarily between group A, B, and D streptococci (5, 18, 28, 58) and Staphylococcus aureus. Transfer of resistance between streptococci and Listeria (5, 55), Pedicoccus (25), Lactobacillaceae (22) , and Bacillus (39) species and between soil bacilli (52, 56) and staphylococci and streptococci has also been demonstrated. Erythromycin, chloramphenicol, tetracycline, and aminoglycoside resistances have been shown to transfer between genera of gram-positive cocci. Evidence for intergeneric gene transfer has been shown by in vitro transfer of intact R plasmids, by resistance transfer in the absence of plasmid DNA, by biochemical studies, and by direct examination of DNA-DNA homology.
Engel et al. (18) suggested the cell-to-cell exchange of erythromycin resistance between streptococci and Staphylococcus aureus, but it was not clear whether the plasmids remained intact. Schaberg and co-workers (58) showed that R plasmids originally isolated from S. pyogenes, S. agalactiae, and S. faecalis were self-transferable on filter membranes from S. faecalis into Staphylococcus aureus recipients. Once in Staphylococcus aureus, the conjugative R plasmids could be transferred into a second S. aureus recipient or back into S. faecalis. Determinants for chloramphenicol, clindamycin, erythromycin, and tetracycline resistances present on these streptococcal plasmids were expressed in Staphylococcus aureus. The plasmids were maintained intact as self-replicating elements in Staphylococcus aureus recipients. Intergeneric transfer of the broad-hostrange MLS-type plasmid pIP501 was also shown by Gonzalez and Kunka (25) from S. faecalis to Pediococcus species and then from Pediococcus pentosaceus to S. faecalis, S. sanguis, and Streptococcus lactis. Plasmid pAMP1 transfers to Staphylococcus, Bacillus, and Lactobacillus species. Buu-Hoi et al. (5) found that MLStype plasmids originating from group B, C, and G streptococci could be transferred into 13 species which included recipients belonging to the genera Staphylococcus and Listeria.
Transfer of resistance in the absence of plasmid DNA has also been shown between S. faecalis and Staphylococcus aureus and is characterized by a low transfer frequency and a narrow host range (5, 31, 58) . Similarities between transposons in different genera have been described. TnSSI shows homology with transposons of the Tn3 type of E. coli (37) but is even more closely related to Tn917 of S. faecalis (66) . A striking property of MLS-type transposons TnS54 and TnJS45 is their ability to express resistance in grampositive and gram-negative bacteria (14, 28, 52) .
Based on biochemical studies, Courvalin et al. (12) suggested an exchange from Staphylococcus aureus to S. faecalis as an explanation for the development of gentamicin-resistant S. faecalis. The aminoglycoside-modifying enzymes on staphylococcal R plasmids (36, 60, 69, 73) are similar to those found in high-level aminoglycoside-resistant S. faecalis (11, 12 The appearance of resistance to multiple antibiotics in nosocomial isolates of streptococci and staphylococci is increasing. Recent investigations showing in vitro transfer of extrachromosomal DNA and demonstrating specific homologies between resistance genes from diverse species support the concept of either direct gene exchange or a common ancestral origin for the resistance. Given the mobile nature of the genetic elements involved and prior experience with gram-negative pathogens, it is most likely that the explanation involves actual transfer between species or genera or both in the hospital environment.
